The Enterococcus hirae paradigm of copper homeostasis: copper chaperone turnover, interactions, and transactions.
The cop operon is a key element of copper homeostasis in Enterococcus hirae. It encodes two copper ATPases, CopA and CopB, the CopY repressor, and the CopZ metallochaperone. The cop operon is induced by copper, which allows uncompromised growth in up to 5 mM ambient copper. Copper uptake appears to be accomplished by the CopA ATPase, a member of the heavy metal CPx-type ATPases and closely related to the human Menkes and Wilson ATPases. The related CopB ATPase extrudes copper when it reaches toxic levels. Intracellular copper routing is accomplished by the CopZ copper chaperone. Using surface plasmon resonance analysis, it was demonstrated that CopZ interacts with the CopA ATPase where it probably becomes copper loaded. CopZ in turn can donate copper to the copper responsive repressor CopY, thereby releasing it from DNA. In high copper, CopZ is proteolyzed. Cell extracts were found to contain a copper activated proteolytic activity that degrades CopZ in vitro. This post-translational control of CopZ expression presumably serves to avoid the accumulation of detrimental Cu-CopZ levels.